ABSTRACT: SCHICK, THOMAS. An Investigation of the Relationship Between a
Type of Spatial Ability and Two Types of Reading Errors, Symbol Reversals and Letter
Interchanges. (Under the direction of Dr. James W. Kalat and Dr. Samuel Snyder.)

A substantial percentage of the population suffers from the effects of reading
difficulties. These reading difficulties are caused by awide array of proximate factors,
some cognitive in nature, others emotional. This thesis examines whether some
proximate factors, which contribute to reading difficulties, may be caused by underlying
attributes which coincidentally also may provide strength in other areas of endeavor. One
such proximate factor is interchanging letters, reading the word saw when was is
indicated. Another such factor, symbol or letter reversing such asreading ab whenad is
indicated, is most pronounced before the age of four and substantially decreases, but not
entirely, over the next few years. Reversing |etters presents a weakness when reading, but
it may result from an underlying attribute which, coincidentally, also could underlie
strength in spatial relations. This thesis examined the relationship between each factor
and one type of spatial ability (mental rotation). It was hypothesized that spatial ability
would be positively correlated with (a) frequency of reversals, as well as with, (b)
frequency of interchanges. Experimentation was performed to test these hypotheses. The
correlations found were not statistically significant. A statistically significant positive
correlation was observed between frequency of symbol- |etter reversals and frequency of
letter interchanges. Furthermore, the frequency of these reversals and interchanges were
each found to be substantially higher than had been anticipated. These results were
especially interesting because they relate to a college population that might have been
assumed, for the most part, to be free of such errors. Collectively, further study with a

larger sample is needed in order to more fully test the hypotheses.
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Introduction:

Overview:

Reading difficulties adversely affect the lives of millions of people of all ages. About ten
percent of the student population of the United Statesis |abeled as being “learning
disabled” (Hallahan and Kauffman, 1994), although the actual number of those with
learning difficulties is three or four times greater'. Reading difficulties, experienced by
the mgjority of these individuals, derive from awide array of proximate factors. These
include emotional stress, limited interest, inadequate teaching, physical disabilities such
as sightedness, graphic distinctiveness, symbol or letter reversals, letter interchanges,
weakness in phonics, temporal considerations, weakness in phonological awareness, the
English language itself, and also basic cognitive characteristics. Thislist is intended to
place the problem in perspective. What are the underlying causes of these proximate
factors and do they coincidentally also provide strengths in other areas? Thisthesis
focuses on two of these factors to determine their correlation with a strength in spatial
abilities.

Recert studies (e.g., Felton, 1993) suggest that phonological awarenessis a
significant predictor of reading difficulties. The authors of these studies, however, do not
indicate to what degree this is due to inadequate teaching, the English language itself, or
to some cognitive limitation. In contrast, earlier studies (e.g., Orton, 1925) concluded that

letter or symbol reversals and interchanges are the most significant proximate cause of

! The factors that contributed to my estimate include number of students that, 1) are not considered learning
disabled because they score below averagein 1Q, 2) overcompensate and thus do not show a discrepancy
between | Q and performance scores, 3) experience |low socioeconomic status, 3) have multiple disabilities,
and/or 4) score low on |1Q tests because of disabilities.



reading difficulties. This thesis focuses on these aspects of the problem and examines
their relationship to spatia abilities.

Over the years various cognitive characteristics have been studied to determine
the cause of letter and symbol reversals. Many of these including left/right orientation
(Wechder and Hagin, 1964), mixed dominance, for example being left handed while the
right eye is dominant (Treischman, 1968), and limitations in perception (Robinson and
Higgins, 1967) have not withstood close scrutiny. Since reversals appear to involve
rotation in space, it seems reasonable to study the relationship between the frequency of
reversals and performance on atest of spatial abilities that measures rotation in space.
This relationship is examined in the study proposed here.

There may be a common underlying attribute causing reversals as well as spatial
abilities. If so, the characteristic of reading difficulty resulting from the proximate cause
of reversals may be a consequence of an underlying cause of both reversals and spatia
abilities. Hence, this reading difficulty may not suggest a disability at all but rather a
factor that results in atemporary reading difficulty along with a strength in spatial ability
which could be important in several professions.

The direct motivation for this study is to gain a better understanding of the
causes of reading difficulties; specifically, to determine whether the underlying attributes
of some characteristics associated with reading difficulties are coincidentally also
associated with characteristics in other areas. Such an observation would have wide
implications. Thus, while the purpose of this work was to gain a better understanding of
one of the links of the chain of proximate causes leading to the ultimate cause(s) of

reading difficulties, it was also intended to gain a better understanding of cognitive



behavior in general. Reversing letters, reading ab when ad isindicated is surely one such
characteristic that contributes to a difficulty in reading. Its underlying attribute may also
be associated with another cognitive characteristic, spatial relations, a useful capability, it
is believed, for many professions including architecture, computer science, and
mathematics.

Others who have made related observations include, E. J. Gibson, J. J. Gibson,
A.D. Pick, and M. A. Osser (1962), Eig (1974), Merritt (1972) and, Bannatyne (1972).
While these researchers commented about the relationship between spatial abilities and
reversals, they have not suggested, as is hypothesized in this thesis, that the stronger the
gpatial abilities the greater the likelihood that letter reversals will occur, that interchanges
will occur, or that there may be a common attribute underlying both reversals and also a
strength in spatial ability thereby placing an apparent difficulty in reading in a different
perspective.

Especialy relevant is the paper by Gibson et a (1962) who studied the frequency
of reversal and rotational errors demonstrated by children from four to eight years of age.
They concluded that the younger children who demonstrated a 45% error rate did so
because of object constancy, and that this number decreased over time such that the older
children, the eight year-olds, demonstrated only a 5% error rate. Related studies have
consistently shown that reversal errors are substantial at age four. Specifically, the
reversal error rate ranges from 90% (Davidson, 1935), and 88% (Keogh, 1966), to 45%
measured by Gibson et a (1962) cited above. The decline to 5%, at age 8, was explained

by Gibson et a (1962) as being due to learning. Note, these numbers relate to overall, not



individual error rates. Aswill be seen in the results of this experimentation, nearly all
people occasionally make these errors.

Gibson et a (1962) proposed that, during the early years, much of achild's
experience is with solid objects. “ Solid objects, [they observed], have invariant qualities
and distinctive features, and a 4-yr.-old has learned what he needs to distinguish many of
these, perhaps at the same time he has begun to distinguish the invariants which permit
constancy of shape and size as he moves about in space.” They proposed further that if
“habits formed for object-discrimination are used when the child begins to make graphic
discriminations, confusions due to rotation are to be expected” (Gibson et a, 1962,
p.904). During the next four years the child learns, however, “... that transformations of
rotation and reversal are significant for distinguishing graphic forms (i.e., the difference
between ... dand b, p and b)” (Gibson et al, 1962, p.905). However, at age eight not all
children are reversal-error free. What is it that differentiates these children from those
who arereversal error-free? It is the purpose of this study to obtain information to help
examine this question.

Note that Gibson et al (1962) experimented with letter-like symbols. None of the
symbols used were |etters. Their participants examined a set of symbols, reviewed one at
atime, and compared them with a set of symbols placed directly in front of them.

More specifically, this thesis examined the correlation between the frequency of
reversals and spatial ability as measured by atest of mental-rotation. One possible
implication of a positive correlation might be that at least one process that contributes to
reversals also contributes to performance on the mental rotation test; that those who make

reversal errors do so as a direct function of their ability in spatial relations. Distinguishing



between ab and ad may be slower in developing for some because of a greater strength
in spatia relations; that is, the difficulty in learning the difference between b and d may
be increased by strength in spatial relations. The present study evaluates this hypothesis
by determining the relationship between frequency of symbol reversals and performance
on atest of spatial relations.

There are several types of letter interchanges. These include reading full-word
letter interchanges such as was for saw, partial-word |etter interchanges such asleft when
felt isindicated, or calm for clam, and non-word letter interchanges such as envel ope and
evenlope, bark and brak, and palm and plam. Although, as indicated, there are severa
ways in which interchanges can be classified, each of which may be attributable to a
different process, no attempt has been made to differentiate these in the present study.
Thus, asingle score for interchanges is determined for each participant on each of the two
relevant tests. This study examines the relationship between the participants’ interchange
scores and their corresponding scores in spatial relations.

Asis demonstrated by the experimental data of this study, interchanges occur
relatively rarely across more than two letters. While interchange of two letters may be
related to a strength in spatial relations, letter sequence interchanges may relate to a
characteristic in addition to one associated with both interchanges and individual letter
reversals.

Underlying factors responsible for letter reversals may differ from those
responsible for letter interchanges. The data from this experiment permit examination of

the relationship between these two variables.



Initial testing was done with college students for several reasons. The literature
suggests, as indicated above, that reversals diminish with age to age eight and to a lesser
degree beyond. Therefore, one endpoint to be tested is adults, especially college students.
They will have had enough time and enough education to have learned that |etter
orientation is important when recognizing that a b is different from ad. A positive
correlation found between reversals and performance in spatial relations with college
students, a select part of the spectrum, may suggest that a correlation, at least as large,
would be observed with a younger population, one that has not had as much time and
education to learn of their difference. Another important experiment would be to test
children from the ages of four to eight. Furthermore, it was expected to be relatively easy

to carry out the study with college students because of their availability.

Some additional thoughts:

Children have different learning characteristics. Some of these differences which
might appear to be weaknesses in some areas, may, as is being examined, also be
associated with abilities in other areas. There is a wide spectrum of reading difficulties.
The person who reverses letters, seesab when ad is indicated, and thus loses the
meaning of a sentence has areal reading difficulty. People who are troubled with
emotional stress, whose minds wander, and thus comprerend little for several pages, have
areading difficulty. Those who are not sensitive to indistinct graphics, such asann and
an h, and read now when what is indicated is how, lose flow of comprehension and thus
have a reading difficulty. Those who have limited phonological awareness, having

difficulties segmenting a word into syllables, thereby complicating reading new or



unknown words, have a reading difficulty. The specific difficulties are many and need to
be individually identified. A doctor treating a patient with walking difficulties
distinguishes between a person with a sprained ankle and one who has a fractured tibia.
Likewise, each individual with one or more factors contributing to difficulty in reading
might, more appropriately, be treated according to specific identifiable problem(s). One
who is troubled by family disruptions needs to be treated differently from one who
reverses letters. It can not be overemphasized that different methods should be used, as
appropriate, to address each different type of reading difficulty.

Studies have shown that reading disabilities are inherited (e.g., Hermann, 1959;
Zerbin-Rubin, 1967; Bakwin, 1973), yet what specificaly isinherited is not clear. At
least one aspect of reading difficulties relating perhaps to one’s spatia abilities may well
be inherited.

Many creatures on the planet, not only humans, recognize objects independent of
their rotation in space. Typically, one recognizes a chair turned one way or another,
whether it ison four legs or on its side. It is generally agreed that many creatures on this
planet similarly perceive objects with spatial constancy. What might be slow in coming
for some new readers of English is that one has to redirect partially this all-important
innate capability. One must learn to view a b as different from its mirror or rotated image,
ad. Distinguishing between ab and ad requires learning. It may be slower in developing
for some because of a greater strength in spatial relations, and thus slow to be learned. It
can not be viewed as a delayed maturational problem because it is not maturational, but
learned. Additionally, one may ask, why do these reversal's occur only occasionaly and

not consistently? One answer might be, again, because recognizing the difference



between ab and ad is learned. If seeing the difference between ab and ad were innate
then reversals possibly would be more consistent, and for those individuals where it was
not consistent one might legitimately claim there to be a cognitive disability.

There is ample evidence to demonstrate a spectrum of capabilities for object
constancy. Severa 1Q tests contain a subsection measuring strength in spatial relations.
Because most children under the age of four do not distinguish between ab and d due to
innate spatial abilities, they need to learn the distinction. Significantly, the degree of
difficulty in learning the difference between b and d may be aggravated by a strength in
gpatial relations. This experiment studies the correlation between frequency of symbol
reversals and strength in spatial relations.

Interestingly, females score lower than males in spatial relations tests (e.g. Voyer,
Voyer,and Bryden, 1995). A correlation between spatial relations and reversals may
contribute to explaining why females are identified with reading difficulties far less often
than males. The feminization of the classroom may aso contribute to an understanding of
these statistics. Ignoring this observation, it is hypothesized, in this study, that those with
increased tendency to reverse b and d, regardless of gender, would tend to have increased
strength in spatia relations.

This study also examines the relationship between letter interchanges, reading left
when felt is indicated, and strength in spatia relations, perhaps a different type of spatial
relations. A correlation between spatial abilities and either frequency of reversals or
interchanges was expected to at least suggest support of the hypothesis related below.

People with disabling learning characteristics are often identified according to less

than scientific criteria. Highlighting certain reading characteristics as “reading



disabilities’, as the terminology suggests, biases treatment from the outset. These
individuals are identified as “disabled”, called “disabled” and treated as “ disabled”, often
resulting, not surprisingly, in severe loss of academic self- confidence. Children identified
with learning disabilities are viewed as having a weakness and often develop a depressed
academic self-confidence - in the 19th percentile (Chapman, 1988). Studies have shown
that depressed academic self-confidence severely affects educational potential (e.g.,
Licht, 1983, 1992). Though reading difficulty and also being labeled “disabled” may
result from depressed self-confidence, | can think of no reason to believe that reading
disabilities are affected by self-confidence. While some of these reading characteristics,
such as reversals and interchanges, clearly constrain reading, this thesis examines
whether their underlying attributes may provide strengths in other areas and, if so, could
be treated as presenting special potential. Children should be treated such that the special
potentia is preserved while correcting or modifying the manifested reading difficulty.

They should be allowed to learn differently.



Hypotheses:

The characteristic of letter - or symbol - reversing, reading ab when ad is indicated,
while surely being a hindrance in reading, may be a symptom of a fundamental
underlying capability that provides strength in other areas. Furthermore, letter
interchanging, reading on when no is indicated, is likewise not only a hindrance in
reading, but may suggest a strength in other areas. Specifically, these symptoms may
suggest a strength in spatial relatiors, a strength in object constancy - being able to see
objects moved/rotated in space, as they would be in different views. There is a spectrum
of capabilities for object constancy. One is born with an ability for object constancy. On
the other hand, one needs to learn to see the difference between ab and a d. The degree
of difficulty in learning that ab and d are different may be accentuated by a strength in
gpatial relations.

Succinctly stated, it is hypothesized that there is a positive correlation between
frequency of symbol reversals (e.g. letters or symbols), and a strength in spatial relations.
This study was designed to test this hypothesis. The second hypothesis tested is that there
is a positive correlation between frequency of letter interchanges within a group of letters
and a strength in spatial relations.

The experiment was designed, also, to permit examination of other pertinent
relationships, for example, the correlation between reversals and interchanges. Finally,

the frequencies of different reversals and of interchanges were determined.
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M ethod:

Participants:

The participants were 68 North Carolina State University students enrolled in the
introductory course in psychology. Each participated to fulfill a course requirement.
Specificaly, 32 females and 36 males participated. Of those, 31 females and 34 males
were determined to be valid participants. Three participants were dropped from the
analysis because they were clearly uncooperative. One was too tired to participate, and

the other two marked answers at random merely to complete the test.

Tests:
Four tests were administered to al participants, the first three dealing with reversals and
interchanges and the last with spatial relations. Each is described more fully below. A

computer was used to administer the first three tests.

Test 1 (reversals):

This test consists of five mini-tests. In each of these the participants were shown, on a
computer screen, four specific letters called the “base group”, for exanple N, ¢, X, and b,
followed by 20 symbols shown individually. Some of these symbols were letters, some
rotated about a vertical axis, and others about a horizontal axis. For example, they saw
the mirror image of N, where the diagonal extends from the bottom of the left upright to
the top of the right upright. They saw a spatial rotation of the letter ¢ with the opening at
he left. Participants saw the lettersd, p, and g, each a spatial rotation of the letter b. They

also saw other letters such ask, I, m, and t. Their task was to identify those symbols

1



shown individually in the second group that matched one of the four base letters initialy
shown, that is, N, ¢, X, b. They were asked to press the space bar if the letter shown
individually, in the second group, matched one of the four base letters, and to press the
“enter” key if the letter did not match. The base group of letters was shown for two
seconds and the individual letters in the second group were shown at the rate of one per
second. Actually, each letter was shown every .8 seconds but this may have been
somewhat extended because of the idiosyncrasies of the system including
communication-line interference and shared-processing power considerations. The
variances were trivial, lessthan .1 or .2 seconds. A pilot test was used to determine the
duration of display of these symbols. Two seconds resulted in few errors while half a
second resulted in too many errors. One second was chosen because it was deemed
appropriate to press these participants who were adults in college to increase error rates.
If this experiment is performed with children no time constraints will be set.

The three letters, ¢, b, and N, were used because they may be easily spatially
rotated and confused with other letters such as d, p, and g or non-letters such as a c with
the opening to the left or N with the diagonal extending from the bottom of the left
upright to the top of the right upright. The fourth letter, X, was used because it cannot be
confused with any other letter even when spatially rotated. Other such letters used were
O, and I. It was viewed important that one of these three letters, X, O, or |, beincluded in
the base set of letters.

In each mini-test, after the participant had a chance to review the base |etters, the
other letters were shown individually. The participant saw 20 individual symbols, one

every second. All five mini-tests took atotal of about 2 minutes. The actua test was



preceded by a practice test. In the practice session the participant saw a different base
group, comprised of the letters p, I, g, A. A detailed description of each mini-test is
provided in Appendix A. Several preliminary sessions were used to determine a

reasonable duration for character display.

Tests2and 3

While Test 1 was intended to determine the frequency of individual letter reversals, such
asreading b for d, Tests 2 and 3 were intended to determine the frequency of letter
interchanges in a group of letters such as brak for bark, or saw for was, or left for felt, or
evenlop for envelop. Two different tests were designed to determine frequency of
interchanges. Each test may require somewhat different processes. Whereas, in Test 2 the
participant was expected to remember the base group of letters for about ten seconds,
across a series of groups of letters, in Test 3 the participant needed only to remember the
base group of letters for less than one second. Test 2 was designed to show participants a
group of three characters, the base group, followed by twelve groups of three characters
where the participant was required to indicate which group(s) in the series of groups
matched the base group. Another test, Test 3, was designed to show the participant three,
four or five characters followed, a half second later, by another groyp of three, four or
five characters. The participants were asked to indicate whether the second group was

identical to the first. Thiswas done for fifty pairs of groups.

Test 2:
Test 2 proceeded as follows. The participant saw displayed a group of letters such

as| ef which g’he was asked to remember, and then s’he saw a series of groups of letters

13



and was asked, one at atime, to indicate whether any of these matched the base group. So
for example, the participant was shown the group, | e f. S’he then was shown a set of
groups, specifically, each of the following groups of letters individually,

fle jIf, tmn, Ife fel, lef, pqt, bmf, lef, tfe, Ife and tef.

The participant was to indicate, as each group was shown individually, whether or not it
matched the base group.

The base group was shown for two seconds followed by two seconds of blank
screen. Each comparison group was shown for one second. One way in which this test
differs from the first test is that the base group was to be compared with twelve other
groups, each of which was displayed in succession. Each base group and the twelve
groups that followed to be compared against the base group was called a mini-test. Each
mini-test was shown in succession with a break of several seconds between mini-tests.
The participant followed the same procedure as in Test 1 indicating whether there was a
match between the base group and the currently-shown group by depressing the space
bar, and a mismatch by depressing the enter key. The frequency of display was the same

asin Test 1, one every second. More details of this test are contained in Appendix B.

Test 3:

Test 3 showed the participant a base group of three, four or five characters
immediately followed, 800ms latter, by another group of three, four or five characters.
Essentially, the participant saw a pair of groups of characters. The participant was to
indicate whether the second group of characters of each pair matched the first. Then

another base group of three, four or five characters was shown followed by another

14



potentially matching group of characters. This was repeated for a series of 50 potentially
matching pairs of groups of characters. Some of the groups of letters were words and
some were nonwords. Examples of words included, form versus from, lap versus pal,
and saw versus was. Examples of non-words included some mentioned above plus plam
versus palm, even versus enve, and bark versus brak. Appendix C contains alist of the

groups shown.

Test 4 (spatial relations):

There are several spatial relation tests available. The specific spatia relations
testing material used was the Michael Peters (1995) revised Vandenberg and Kruse
Mental Rotations Test, a paper and pencil test of spatia relations. Appendix D contains a
copy of the spatial-abilities test used. The participant compared a target figure with four
vertically-rotated stimulus figures, two of which, when rotated, matched the target figure.
The participant indicated which two stimulus figures matched the target figure by placing
an X across the two matching figures.

Some reliability testing is documented in a number of articles including those
authored by Peters, Laeng, Latham, Jackson, Zaiyouna and Richardson (1995) as well as
Voyer et a (1995). Asindicated by Michael Peters, the variance of reliability of the
gender differencesis .18. Because of the limited reliability information concerning this
gpatial relations test we undertook a reliability test of our own. Aswill be seen below,
analysis was performed comparing the results of the first and second half of the spatial-
relations testing showing a correlation of .76 and .55 for females and males respectively.
A similar analysis was performed computing the results of the odd and even halves of the

test showing a correlation of .82 and .82 for females and males respectively.
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Privacy and encour agement

Each participant may have possibly been somewhat reluctant to cooperate fully in
the testing process because ’he may have felt the test results would somehow be
included in his or her school record. Participants, thus, were told not to associate the test
with their real name. They were asked to make up afictitious name, Bob D. for example,
or perhaps Jane X., so that the testing would in no way be associated with the specific
participant. They were told, also, that the only reason for them to indicate any name is to
permit the experimenter to associate the first three tests of the experiment with the
gpatial-relations part of the experiment; that the real identification of the specific
participants is not of interest to the experimenter. The program assured uniqueness of

identification and informed the participants accordingly.

16



Results:

This section first contains a description of the scoring of all the tests followed by
analysis of the results. The analysis includes an examination of the following:

1) Correlation between reversals (Test 1 scores) and spatial abilities (Test 4

SCores)

2) Correlation between interchanges (Test 2 as well as Test 3 scores) and spatia

abilities (Test 4 scores)

3) Correlation between reversals (Test 1) and interchanges (Test 2 aswell as

Test 3),

4) Frequency of reversals, and

5) Frequency of interchanges
Scoring:

The scoring of data collected was the same for all three tests of the experiment.
Specifically, the information collected included, 1) the sequence of groups of characters,
2) six response categories including four indicating whether or not the participant
indicated correctly or incorrectly for each match, or mismatch, and also two indicating
timeout, 3) the speed of response measured in multiples of 100 ms, in addition to 4) the
identification of the participant. Statistics were gathered on performance. Each
participant’s score on Tests 1, 2, and 3 is afunction of the total number of reversals (Test
1) and interchanges (Tests 2 and 3). Furthermore, information was collected that could be
used to perform potential additional analyses to, for example, determine scores grouped
by category; and perhaps whether the reversal was of ad, c, or N. Additionally, the scores

indicate each participant’s frequency of interchanging characters in a sequence of |etters.
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The analyses are separated according to gender because the spatial abilities are
disparate. The p-value of .05 was used to determine statistical significance.

Table 1 indicates the results for Tests 1, 2 and 3. The size of the sample (N), total
number of possible errors (E), mean frequency of errors (u), and the standard deviation of

frequency of errors are indicated.

Table 1. Overall Datafor Reversals (Test 1) and Interchanges (Test 2 and Test 3)

Male Female

N E u sd. | N E u sd.
Test1 34 100 553 546 | 31 100 545 5.18
Test 2 34 108 203 3.18 | 31 108 155 2.03
Test 3 34 50 118 1.77 | 30 50 1.30 1.49

Spatial Relations:

The spatia-relations test used in the study contained 24 questions. The results
shown indicate the mean number of correct answers. Table 2 presents the means
indicated in the literature (Voyer et a,1995) for the spatial relations testing along with
corresponding means obtained in the present study:

Table 2. Mean Spatial Relations Scores For This Study and
Prior Research (Voyer et al., 1995)
Male Female

Prior Research (Voyer et al, 1995) 14.8 104

This study 153 10.0
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The mean scores from this experiment, about 15 for males and 10 for females, are
in line with the findings in the literature for the spatial-relations test chosen. Many other
experiments (e.g. Voyer et al, 1995) using the rotational-spatial- relations test show aratio
of performance of 3 to 2 between males and females. This indicates that spatial relations
as measured by this test are consistent with the data as reported in the literature, and lends
credibility to the thesis experimental process for testing spatial relations.

Additionally, analysis conmparing the results of the first and second half of the
gpatial-relations testing showed a correlation of .76 and .55 for females and males
respectively. Additional analysis comparing the results of the odd and even halves of the
gpatial relations testing showed a correlation of .82 for both females and males. These
analyses were performed for two reasons, 1) to determine the reliability of the spatial-
relations test, (since there appears to be none reported in the literature as acknowledged
via personal communication with the author) and also, 2) to determine the credible limits
reasonably expected for other data collected. The correlations found for data relating
gpatial abilities with reversals and interchanges may be considered more substantial than

the corréations shown in Table 3 given the limitations of .82 for females and males.

Tests of Hypotheses:

The two initial motivating hypotheses for this study are 1) that there is a positive
correlation between spatial relations and reversals, and 2) that there is a positive
correlation between spatial relations and interchanges. The detailed data analysis
providing evidence regarding the correlation between spatial abilities and reversals, Test

1, isshown in Table 3. Also shown in this same table is the summary evidence regarding
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the correlation between spatial abilities and interchanges as indicated by the interchange
data of Tests 2 and 3. Additionally, the table shows the correlation between spatial
abilities and the sum of reversals and interchange frequencies as indicated by the results
of Test 1, Test 2, and Test 3. The corresponding p-values indicate the respective level of
significance for the correlation. Note that none of the correlations are statistically

significant at the confidence level of p =.05.

Table 3. Correlations Between Spatial Relations and Reversals (Test 1), and

Spatial Relationsand Interchanges (Test 2 and 3)

Male Eemale
r - p | r p
Test1 20 26 | .01 9
Test 2 12 49 | 19 .31
Test3 10 59 | 21 25

Correlations between Reversals and Interchanges:

Table 4 presents each correlation between reversals as shown by Test 1 data, and
interchanges as shown by Test 2 and Test 3 data. Note that all correlations are positive,

and five of the six are statistically significant.



Table 4. Correlations Between Reversals (Test 1) and Interchanges (Test 2 and 3)

Male Eemale
rp | r p
Test 2 20 26 | 49 .005
Test 3 38 03 | .35 .06
Test 2+ Test 3 34 05 | 49 .007

These data indicate that reversals and interchanges are highly correlated across
the population even when the population consists of adults enrolled in college.

The correlation between the two interchange tests (Tests 2 and Tests 3) is .14 and
.49 for males and females respectively with the corresponding p-values being .43, which
is not statistically significant, and .006 which is statistically significant. From this one
may conclude that at least for the females, Test 2 and Test 3 may be measuring a

common factor. It is not clear why there is a disparity between males and females.

Types of Reversal (Test 1) and Interchange (Tests 2 and Test 3) Errors.

Additional results from this study which are presented in this section are
summarized here. The evidence indicates that adults made many more reversal and
interchange errors than is widely expected, especially among college students. For
example, the letters b and d were reversed about 10% of the time. The word calm was
confused for the word clam by 45% of the male and 32% of the female participants,
respectively. The words form and from were confused 10% of the time. The words on

and no were confused 29% of the time by males and 13% of the time by females,
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respectively. The words bar and bra were confused 24% and 23% of the time for males
and females respectively. These and many more examples are highlighted in the details
shown below.

The frequency of reversals was shown to be greater than the literature indicates.
While Gibson et a. and others suggest that reversals diminish to 5% at age eight and
suggest less than that latter, reversal errors for the college students in this study were
substantially higher than 5% percent (See Table 5). The several instances shown for the
letters and symbols reflect the repeated appearances of those letters and symbolsin the

successive order as they occurred in the test process.



Tableb. Test 1 Reversal Error Rate of Repeated Appearances of L ettersand

Symbolsin the Successive Order as They Occurred in the Test Process

| tems Presented Male Female
N-Reversed 29% 26%
15 23
15 13
21 16
15 13
15 19
c-Reversed 09 13
06 06
12 10
06 06
J-Reversed 12 13
09 10
12 13
06 13
18 19
12 10
12 10
L-Reversed 09 32
15 32
21 29
26 23
C 15 03
06 06
p 12 06
09 10
26 23
26 26
06 10
q 12 19
09 13
10 00
06 03
06 10
06 06
10 10
d 15 16
12 06
06 03
b 15 00
12 10

10 10



In this study the average rate of reversals was found to be a rather substantial
12.78% and 13.15% for males and females respectively. The corresponding SDs were 6.1
and 8.3. A confound worth indicating was highlighted by one participant who mentioned
at the end of the test that she was not sure that N and its reversal were not to be viewed
the same. Testing with children this awareness would need to be explicitly highlighted.
However, even when disregarding the reversed symbols, that is N-reversed, L-reversed,
Jreversed, and c-reversed, the averages are 11.5% and 9.5% for males and females
respectively. The corresponding SDs were 5.9 and 7.1. These numbers are surprisingly
high when compared with Gibson et a’s (1962) average of 5% at age eight and
predictably lower with aging. These averages are interesting especially because the
participants here were not taken from the general population but were college-age and
college-educated students. Note these later statistics do not reflect reading characteristics
when reading in context but the reading of individual letters. In Gibson et a’s (1962)
experimentation the letter- like forms were aso presented without reading context.

In Test 2 individuals relatively frequently interchanged letters. Two types of
interchange errors were examined namely, those where unlike sequences were presented,
for example on and no, and where like sequences were presented, such as lef and lef. The
most substantial proportion of mismatch interchanges (Test 2) are indicated in Table 6.

which follows:
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Table6. Test 2 Interchange Unlike Errors

| tems Presented Male Female
On versusno 29 % 13 %
Bar versusbra 24 23
Claversus cal 21 10

Lef versusife 9 6

Similarly, many like comparisons were confused as being dislike. The most

substantial proportion of like match interchanges (Test 2) are indicated in Table 7:

Table7. Test 2 InterchangeLikeErrors

| tems Presented Male Female
Lef 12% 19%
Saw 9 10
On 15 16
Cla 15 13
Bra 18 7
Nve 35 19
Pla 18 7

Only the most substantial proportion of interchanges (Test 3) are indicated in

Table 8 which follows;



Table 8. Test 3InterchangeErrors

| tems Presented Male Female
Calm versus clam 45 % 32%
bark versus brak 10 16
form versus from 10 10
farm versus fram 0 12
palm versus plam 16 16
bread versus beard 10 3

As may be seen, there is alarge rate of interchange of |etters.
Tables 9 and 10 include additional information indicating details conveying age

and major course of study for each female and male participant respectively.
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Table 9. Age, Year, Major Course of Study, and Test Scoresfor Female Participants

Participant Age Year Major Courseof Study Testl Test2 Test3 Test4

1 19 Jun Engineering 7 9 1 17
2 18 Fresh  Graphic Design 5 0 2 10
3 18 Fresh  Psychology 1 0 0 4
4 18 Fresh  Engineering 1 0 0 11
5 18 Fresh  Engineering 8 4 4 7
6 19 Fresh  Biochemistry 3 2 4 9
7 18 Fresh  Engineering 3 0 0 11
8 19 Fresh  Undecided 0 2 2 2
9 18 Fresh  Microbiology 15 5 2 8
10 18 Fresh  Engineering 3 1 2 12
11 A Soph  Accounting 2 0 0 3
° 18 Fresh  Undecided 8 2 1 2
13 18 Fresh  Undecided 5 2 0 8
14 18 Fresh  Business 2 0 0 16
15 18 Fresh  Undecided 7 0 0 8
16 19 Soph  Pre-med/Nursing 20 3 1 6
17 19 Soph  Chemical Engineering 10 2 0 9
18 18 Fresh  Communications 7 0 0 1
19 19 Fresh  Education 0 0 0 12
20 19 Soph  Zoology 1 1 1 13
21 18 Fresh  Computer Science 14 3 4 12
2 2 Sen Design 7 4 4 16
23 18 Fresh  Engineering 2 0 0 10
24 18 Fresh  Environmental Science 1 1 0 7
25 19 Fresh Design 3 0 0 15
26 19 Fresh Industrial Design 13 3 4 18
27 19 Fresh  Physicians Assistant 6 3 3 9
28 18 Fresh  Business 2 1 2 14
29 19 Soph  Chemical Engineering 0 0 0 9
30 20 Soph  Business 0 0 1 11
31 18 Soph  Chemical Engineering 13 0 1 9
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Table 10. Age, Year, Major Course of Study, and Test Scoresfor Male Participants

Participant

K‘)I—‘I—‘OOO\IOUO‘IJ}QJNI—‘
= O

RBBREEBINBZAIRNBRBRBEHEIEGER

Age

18
18
18
18
18
19
19
18
18
18
18
18
19
21
19
18
19
17
19
20
19
24
18
18
19
17
18
19
20
18
19
18
21
18

Year Major Courseof Study Testl Test?2 Test3 Test4
Fresh  Engineering 1 3 0 20
Fresh  Civil Engineering 10 2 3 11
Fresh  Computer Engineering 2 1 1 18
Fresh  Electrical Engineering 8 19 1 16
Fresh  Pre-med 9 1 0 18
Fresh  Engineering 4 1 0 22
Soph  Biomedical Engineering 5 0 1 13
Fresh  Electrical Engineering 11 3 7 22
Fresh  Architecture 0 0 0 1
Fresh  Engineering 15 2 3 22
Fresh  Computer Engineering 1 2 1 11
Fresh  Civil Engineering 1 1 1 13
Fresh  Engineering 0 1 0 19
Soph  Engineering 2 2 2 12
Fresh Business 3 2 0 15
Fresh  Computer Engineering 13 4 7 13
Soph  Business 4 3 2 17
Fresh  Undecided 4 1 3 1
Soph  Mechanical Engineering 10 2 2 19
Soph  Science 20 3 0 13
Fresh  Computer Science 2 1 2 11
Jun Architecture 0 1 1 2
Fresh  Mathematics 8 2 0 16
Fresh  Engineering 2 1 0 12
Soph  Business 4 0 0 8
Fresh  Aerospace Engineering 2 2 0 17
Fresh  Computer Science 16 1 1 15
Soph  Mass Communications 15 2 1 23
Soph  Business 9 1 0 1
Fresh  Engineering 1 2 0 16
Soph  Engineering 2 0 1 10
Fresh  Engineering 0 3 0 14
Soph  Graphics Design 1 0 0 14
Fresh  English 3 0 0 16

28



Discussion and Conclusions:

Severa findings may be reported as aresult of this experimentation including
frequency of reversals, frequency of interchanges, the correlation between reversals and
interchanges, and, at least for this sample, the correlation between spatial abilities and
reversals as well as the correlation between spatial abilities and interchanges.

The findings of this study indicate that even individuals in their college years
reverse symbols and interchange letters with substantial frequency. While it is expected
that young children interchange letters with a relatively high frequency, it was expected
that the corresponding frequencies would have diminished considerably more by college
age and certainly for college students than the results show. Surely, one would expect
college students to distinguish more clearly between the words bar and bra than the data
indicate. The frequency of reversals at the college age was similarly surprising;
substantially greater than the earlier literature would suggest.

Also, it was shown that there is a statistically significant correlation between
reversals and interchanges indicating that those who reverse symbols a so interchange
letters. These findings not only have strong correlations but also strong p-vaues
indicating they are statistically significant. These results appear strong for college
students but may be much stronger for young children before reading has had time to
develop. It, therefore, appears appropriate to provide this test to young school-age
children.

The results show that for the sample studied the correlation between spatia

relations and frequency of reversals was not statistically significant. Also, the results



indicate that the correlation found between spatial relations and frequency of
interchanges was not statistically significant.

To summarize, the strong correlations of reversals and interchanges are
statistically-significant findings. Also, the frequency of reversals and interchanges have
been revealed to be substantial. However, the study does not provide statistically
significant evidence for a positive correlation between spatial relations and either
interchanges or reversals. Collectively, al of the findings of this analysis, mentioned
above, indicate further study with alarger sample is needed. Because of the information
gathered, and because of the high rate of reversals found in earlier studies among young
children, the hypothesis is more pertinent to the earliest reading ages. Therefore, it would
be worthwhile to perform further testing with a younger sample, children at the ages of
five to seven, when reading isinitialy taught.

The completed experiment demonstrates the feasibility of the procedure. The
experiment demonstrates that no harm is done to the participants — arelevant observation
when suggesting further study with young children. It also identified some improvements
to be applied in the future. Specificaly, it became clear that the various tests demanded
differing memory processing activities; that Test 3 had the fewest memory requirements,
and thus Test 3 presented the least memory confounds. Thus, it is suggested that future
studies @) perform both the reversals and interchange tests with similar characteristics as
used in Test 3 where essentially no memory was required between the base and its
compared pair, b) eliminate Test 2 which is very similar to Test 3, ) perform the tests

with young school-age children, and d) perform the tests with a larger sample.



A larger sample may or may not present a higher correlation, but it will get a
more accurate estimate of the true correlational value. Also, when reflecting on the
reliability of the spatial-abilities test, as shown by the correlation of the two halves of
gpatial abilities scores as indicated above, the correlations shown here become somewhat
stronger. Given the evidence for this sample, and given the rationale for the hypothesis,
further testing is needed.

Some might say, it is likely that context improves reading accuracy; that these
numbers reflect an out-of-context examination. The intent of this study was to remove the
confound of contextual reading. So, while | would certainly agree and hope that these
statistics would be better for individuals when reading contextual information, the intent
was to determine reading difficulties before context enters the equation.

Symbol reversals have been researched for decades. The work of Lockhead and
Crist (1980) regarding symbol distinctiveness is reported indicating that a partial solution
has been demonstrated. They demonstrated that one of the causes of reading difficulties
relates to issues with fonts such that the words now and how appear similar. As indicated
by Lockhead and Crist (1980), these could perhaps be corrected with clearer or different
font definitions. Lockhead and Crist (1980) also suggest that letter reversals, such asd
and b, could be corrected with font changes such that, for example, b’s may have aflag
so that they cannot be reversed; that is, a short danted line extending from the top of the
b to the left. This solution to the problem could correct some aspects of reading
difficulties yet leave the potential strength for spatial relations unaffected. The Lockhead
suggestions were documented in an article twenty years ago with clear evidence

suggesting change.

31



Data for this experiment were gathered testing college students. These results
relate to a select section of the population, those who have devoted many years to
develop reading skills and thus might be expected to know the difference between ab and
itsreversal, as well as the difference between words such as calm and clam. Therefore,
though the number of years and amount of formal education experienced by each
individual confound the results, the error results are relatively high. Also, college
students do not represent a random sample of the general population, but a select subset.
Thus, in spite of this apparent confound, the experimentation presents both surprising and
interesting results.

Male participants ranged in age from seventeen to twenty-four with an average
age of 18.7. Female participants ranged in age from eighteen to thirty-four with an
average age of 19.1. Thisiswell above the ages most relevant for these hypotheses, but it
was thought that even here some supportive indication would surface.

The credibility of the results may be underscored with several observations. First,
the spatial abilities scores are in line with literature findings. Second, the spatial abilities
findings are reasonably reliable as indicated by the reliability test used to analyze the
results (correlating the first and second half scoresin spatial abilities). Finally, the scores
of reversal and interchanges for the genders were much the same suggesting yet another
measure of reliability of the process. Thus, while one might feel that the interchange and
reversal scores are surprisingly high, they are probably realistic because the scoresin
gpatial abilities of these same individuals are in line with the findings of other spatial-

abilities experiments (e.g. Voyer et a, 1995).

32



Much has been written recently suggesting that a weakness in phonological
processing is the major cause of reading difficulties. Isit phonological processing or a
multitude of other factors that cause reading difficulties? To what extent do reversals and
interchanges contribute to reading difficulties? Is it an underlying factor of reversals or
interchanges, and is that factor distinct from that of phonological processing? Are these
merely first-order proximate causes? Have we just started on the trail of proximate causes
in developing the chain of proximate causes leading to an understanding of the ultimate
cause(s) of reading difficulties? Are reading difficulties caused by alarge set of
proximate chains of causes collectively resulting in the variations of reading difficulties?
Is there a need to analyze not only the chain of proximate causes but also the myriad of
interrel ationships among chains of proximate causes? Are variations of these questions
pertinent across cognitive psychology? Ecological sciences have developed with a clear
orientation studying not only proximate chains of causes but their important
interrelationships as well. Surely, reading difficulties are caused by a multitude of factors
from emotional issues to the English language itself. While this thesis focused on the
impact of reversals and interchanges on reading, its underlying, unwritten objective was
to further the cognitive sciences.

Achieving a more complete understanding of reading difficultiesis certainly a
worthwhile objective in itself, but it may well provide important clues to grasping the
essence of select cognitive characteristics in general. An understanding of the weaknesses
in specific aspects of behavior often leads to a more complete general comprehension of a

broader subject. Boundary conditions often help explain behavior central to a system.



This study and one proposed to follow with young school-age children examining
the relationship between a strength in spatial relations and both reversing letters and
interchanging letters may well highlight that some reading characteristics such as
reversals and interchanges suggest strengths not just disabilities. The results of these
studies, thus, may lead to the development of more appropriate educational treatment of
young students who demonstrate these characteristics than is the case now. Specifically,
treatment should highlight each individual’s potential strengths, not merely reflect
reading difficulties. Furthermore, it is hoped that these findings will affect not only the
handling of students with apparently limiting reading characteristics but other subtypes of
reading characteristics as well, and even learning characteristics in general. This should,
in turn, encourage individuals to recognize the strengths of their learning characteristics,
pursue these strengths and, importantly, prevent self-confidence depression - perhaps
even increase self-confidence. Individuals should not merely be alowed, but encouraged
to learn in a manner appropriate to their orientation. The underlying factor resulting in the
apparent difficulty may coincidentally also underlie another characteristic, such as
gpatial-ability, important in other areas. This thesis examined one way to demonstrate this

relationship.
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Appendix A: Details Describing Test 1

The letters shown in each mini-test of Test 1 include
a base group for mini-test 1 consisting of L q O d shown together for two seconds

followed by twenty individua letters namely L, L(reversed) p, b, g, d, O, etc.

a base group for mini-test 2 consisting of | p J b shown together for two seconds

followed by twenty individua letters namely J, J(reversed) p, b, g, d, I, etc.

a base group for mini-test 3 consisting of N b J O shown together for two seconds
followed by twenty individual letters namely N, N(reversed), J, J(reversed), p, b, q, d, O,

etc

a base group for mini-test 4 consisting of J ¢c g | shown together for two seconds
followed by twenty individual letters namely J, J(reversed), c, c(reversed), p, b, g, d, I,

€etc
a base group for mini-test 5 consisting of N ¢ X b shown together for two seconds
followed by twenty individual letters namely N, N(reversed), c, c(reversed), p, b, g, d, X,
etc
The specific individua letters comprising the sets of 20 symbols for each of the

mini-tests are respectively
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g, h,p, L, b, O, d reversed-L, L, reversed-c, q, b, reversed-L, d, L, d, p, reversed-L, b,
reversed-L,

and
g, reversed-J, p, ¢, I, f, d, k, J, q, b, reversed-J, ¢, q, J, d, reversed-J, c, J, d,

and
reversed-J, g, J, N, reversed-J, reversed-N, p, g, b, reversed-N, reversed-J, N, q,
reversed-N, m, b, reversed-J, J, O, N,

and
q, f, p, reversed-J, a, d, p, m, g, reversed-c, d, c, reversed-J, reversed-c, d, reversed-c, b,
J, 1, q,

and
c, reversed-c, m, b, reversed-N, d, s, p, reversed-N, ¢, X, b, ¢, g, d, N, reversed-c,

reversed-N, p, q,



Appendix B: Details Describing Test 2

In Test 2 the participant saw a base group of three letters on the screen for two
seconds and then a series of twelve groups of three letters each. These groups of three
letters were seen at the rate of one group per second. The following are the specific base
groups of three letters followed by the groups of three letters examined. The participant
determined whether each group individually matched the base group;
braversusmkg,prarab,bar,braghi,bar,ptn,bra,hdo,dra,bar
sawversusfgp,qvp,was,dvn,saw,ajl,elc,aws,zol,saw, rtg,was
nvevesusfkl,wet,ven,nve dpr,evn,kfo,jcp,nve spu,tpo,ven
onversusto,fo,om,ou,no,0t,0N,ro,0N,ro,u0,NO
plavesuslipa,pal,alp,lap,dpaplablaqglaapl,dlaplapal
clavesuslica, dlacla cal,mlacla mac,lac,alclac,cal,cla
eravesusrea, sta, def,fed,era dreerd,era, saw,rea gaw,waq
fro vesusofr,for,rforof,frofor,orf,fro,trorot,fro,for

prevesusrep,per,pre bkeqreqger,per,predreber,bkebre



Appendix C: Details Describing Test 3

The following isalist of groups of letters shown as part of Test 3. The first word
or group of letters was shown for an instant followed by the second word or group of
letters. Each pair of words was shown within a second, followed by the next pair shown
within the next second, for atotal of fifty pairs of words.

but tub
ban ban
may yam
form form
nat tan
not not
nap pan
tap pat
won now
clam calm
teach teach
farm fram
tin nit
bark brak
form from
lap lap
god dog
saw was
no on

left felt
barn bran
dab dab
bark bark
rat tar
read dear
bra rab
palm plam
ten net
eat tea
term trem
ward draw
lead deal
nod don
palm palm
bread beard
ban nab



pre per
bad dab
bra bra
fro for
enve even
won won
era rea
ton not
teach cheat
lap pal
god god
calm clam
from form
was saw
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Appendix D: Test 4, A Mental Rotation Test of Spatial Relations

Attached is a copy of the introduction and practice part of the mental-rotation spatial-

relations test used in this experimentation.
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Michael Peters (1995). Revised Vandenberg & Kuse Mental Rotations
Tests: forms MRT-A to MBT-D. Guelph {ON), Canada: Technical Report,
Department of Psycheclogy, University of Guelph.

MRT-A®

Four different variations, based on the original Vandenberg & Kusa [1378) Mantal Rotatons Test figures, which in
turn are based on figures provided by Shepard [(Shepard & Matzler, 1378), are available:

MRT-A Tris ig the standard set, with stimulus figures redrawn from the orgingl Vandenberg & Kuse sat.

MAT-B This consists of the same itams as MAT-A, but in a different mix. This test is meant to be used as
alternative test, of similar difficulty as MAT-A.

MAT-C While MAT-A and MAT-B involve mental rotation arownd the vertical axis, this test requires subjects ta
fatate the figuras both around the vertical and the horizontal axis. This renders the test much more difficult.

MAT-D This test is identical to MAT-A, with the exception that all stimulus and target figures are rotated 90 degrees
to the lafi. In order to sobve the problems, subjects have to rotate the figures around the horizontal axis. This appears
to be more difficult than rotation around the vertical axis.

MAT-A Comments, scoring and proceduras

You will find the V' & K test in two forms in the literature, one with 20 and one with 24 prohlem sets. MAT-A s
the 24 problem set. Each problem has a terget figwe shown on the left and four stimulus figures on the rght.
Twa of these stimulus figures are rotated versions of the target figure, and two of the stimulus figure cannot be
matched to the target figure.

Twa ways of scoring are encountered in the literature. The first gives one paint tar each cormact answer, and a
point is subtracted for each incosrect answer. This would yield a maximoum of 48 points. However, we use the
other method of scoring, where one and ooly gne point is given if both of the stimulus Tigures that match the
target figure are identified correctly, Mo credit is given for a single correct answer. This maans that the
maximum scare abtainable on our test is 24, An excellent discussion of mental rotation parformance and
procadures can be found in Veyer, Vayer & Brydan [1995), and inlormation specific to the revised V & K tests,
as described here, can be fownd In Peters, Chisholm and Laeng (1995), and Peters et al, (1995],

Whathaer the test]js h'rvan to single individuals or for groups, the way in which the experimenter introducas the
test is guite impartant, Ideally, the initial intraduction is done in a serious and moderately personal mannes, sa
that subjects take the test situation seriously. At the same time, and this applies especially when the test is
given to populations which are nat familiar with this som of testing, the experimenter has to avaid being
threataning.

Some admindstration procedures can have unexpected results. For instance, wa find that group testing can laad
ta batter perfarmance than single testing i these is a fair amount of competitiveness in the group tested. This
doas not create a problem when different groups are tested with similar precedures but when different
procedures ara usad, betweaen group comparisons are difficult 10 make.

A Giving the Test
Pleasa note that this test is quite sensitive 10 prior expasure and this is why subjects should be given ng mare
infarmation peor 1o starting the tast than iz available on tha flest two introductory pages (1 and 2).



1. The subjects are asked to look at Page 1. The experimenter points out that the first five figures are all cne
and the same figure, rotated around the vertical axis, Here, the axperimenter can make usa of ratating the
vertically extended hand in order to fliustrate the axis of ratation. Subjects are asked to ascertain that these are
all versions of the same figure.

Subjects are then asked to procssd to the next set and point out that this set has twa figures, bath identical but
differant from the first set of five figures.

2. Proceed to the four problem sets. Now is the time to describe the nature of the problem sets to subjects.

Yerbal instructions
“You see a target figure on the left, and four stimulus figures on the right. In all prablems sats thers are twa
tigures on the right which are rotated versions of tha target figure, and two figures which cannot be made to
match the target figure. In Problem set numbar 1, try to see which of the two figures are corracted. The answer
is given below. The first and the third figures match the target figures. You have to find bath of the correct
answers to get a point for a problem. A single cofrect answer of a correct and an incarrect answer do not
count.”

“Mow try the three problems on page 2. The correct answers are given below™

Give sufficient time to subjects to work through these problems, at lzast § minutes for the thres problems an
page 2.

"Mease twn over your test booklet with face down®
The Test: Instructions

“We are ready to start when | say "begin’. In each problem, remember, there are two and only two correct
selutions, and you have to mark these by putting an X across the correct figure 11 experimenter ilustrates::,
We do pages 3 and 4 and then we take a little break. You have 3 minutes for the pages 3 and 4. When | say
*stop', turn the test face down immediately, even if you are in the middle of a prablem.

"Begin® “Stop, please turn your test booklet face down®. :Couple of minutes restss: “Mow we begin. Once
again, you have 3 minutes for the two pages. Please, open the test booklet at page 5 and begin the secand
half”, "Begin® - “Stop, please tumn your test booklet face down™.
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Here are three more problems. Again, the target object is shown twice in each set of four alternatives
from which you ¢hoose the correct ones,

2.
F
4.
]
Correct Choice: L 2: second and third
3: first and fourth
4: first and third

When you do the test, please remember that for each problem set there are two and only two figures that
match the target figure.

You will only be given a point if you mark off both correct matching figures, marking off only one of
these will result in no marks.



Appendix E: Tools

A program was written for this experiment, specifically to test symbol reversals and
interchanges. It is based on NovaNet. The program provides some instructions along with
oral instructions given by the experimenter. It uniquely identifies each individual
participant.
For Test 1 the program;
Displays four base symbols on the screen
Base symbolsareL qOd
Location; middle of the screen,
12 pitch, with two blanks as separators
Provides a practice session with a different set of base symbols namely p, I, g, A.
The experimenter orally presents instructions of the experiment.
The system does not wait for responses between screens. Even if thereis no
response, it will keep going.
The program creates a record for each participant including;
Specific sequence of characters that the participant saw
Indication whether each response was correct, false, or no answer
Time to respond for each symbol is indicated in multiples of 100 ms.
This information permits calculation of different character response times.
Similarly for experiment Test 2;
The system displays three base symbols on the screen
Base symbols, for example arel ef

Location; middle of the screen,



12 pitch, with two blanks as separators
The participant is provided with a practice session for Test 2.
In Test 2 asin Test 1, the experimenter provides instructions.
Similarly for Test 3;
Displays three, four, or five base symbols on the screen
Followed by a corresponding group of three, four, or five base symbols
Base symbols, for example are form, followed by from
Location; middle of the screen,
12 pitch,
Provides a practice session.
In Test 3, asin Tests 1 and 2, the experimenter provides instructions.
The system indicates — “ Press the return key when ready to start the experiment.”
Consistently for all the three first tests of the experiment, the system will not wait
for aresponse between screens. The program creates a record for each participant for all
three tests including;
Specific sequence of characters that the participant saw
Indication whether each response was correct, false, or no answer
Time to respond for each symbol, indicated in multiples of 100 ms.
The system also calculated summary informationfor each participant. This
summary information was subsequently transferred to an EXCEL program containing
information for al participants. This EXCEL information was used by a SAS program to

calculate correlations.
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Appendix F: Process

The program guides the participant through a series of activities, namely;

1) Identifying the participant

Includes pseudonym, (gender and age were manually provided)

2) Overview presentation

The participant was given a brief oral overview of what to expect and how the results
would be used.

3) Reading

The program displays textual material. The participant sees, for examplein Test 1, a
group of four characters and then a series of individual characters at the rate of one every
second. S/he is asked to indicate whether each character shown matches one of the four
base group characters shown. S/he is to respond by depressing the space bar indicating
that the current character matches one of the base four characters, or depressing the enter
key when the currently-shown character does not match any of the four base characters.
Statistics are gathered as the activity progresses. This includes time to respond, number
of symbols missed (not responded to quickly enough), an analysis of letters
misrecognized, for example frequency of d's, mirror images versus rotation on the
horizontal axis or vertical axis, and others as they prove useful.

4) Similarly, the participants were directed to perform Tests 2 and 3, each of these testing
tendency to interchange characters. These tests, described earlier, display a group of
characters. The participant was asked to remember these. Subsequently, s/he saw a series
of groups of characters at afrequency of one group each second. The participant was

asked to indicate whether each group matches the base group. S'he was asked to indicate



as quickly as possible whether the current group matches the base group by depressing
the space bar, or if it does not match by depressing the enter key. The processis similar to
the test described above. The measures taken are the same as those taken for Test 1.

5) Examining spatial-relations graphics.

A spatial-relations paper test was used; one relating to reversals. Specifically, in each
mental-rotation-spatial abilities test the participant saw a base object followed by a series
of four objects, two of which were rotated in space and to be recognized as the same as
the base object while the other two were rotated but not the same as the base object. The
participant was asked to identify the two objects unlike ard the two like the base object.

6) Partial debriefing and thanking

The participant was thanked for participating and given a brief summary of how his or
her participation had been useful.

7) Eull debriefing

The participant was invited to a subsequent full debriefing, perhaps weeks after the
completion of al the testing, explaining the full purpose of the experiment - to determine
the correlation between frequency of symbol reversals, symbol interchanges and
performance in spatial relations. Thiswill be done after all data gathering has been
completed to minimize inadvertent reporting of the intent of the experiment to yet-to-be-

tested participants.
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Appendix G: Instructionsto Participants

Participants were introduced to the specifics of the experimertal system. They were given
instruction on the use of the system, and shown what to expect and how to react. They
were allowed some time to practice with the total experimental system. They were given
enough time to ask any questions before the actual experiment began because, they were
told that any questions during the course of the experiment must be limited to system
idiosyncrasies.

The oral instructions were as follows,

“Because these instructions must be identically presented to each participant, |
will read them to you.

You will be given four tests. The first three tests will take about two minutes
each. A computer will be used for these tests. | will give you instructions before you
begin each test. The fourth test is a paper-and-pencil test concerning spatial relations. It
will have separate written instructions.

If at any time, for any reason whatever, you cannot finish the experiment, you
may leave without penalty.

If you have a drink or gum, please set it aside until we are finished so that it will
not distract you during the experiment.

Before we begin, please first key in a pseudonym, any name but your own. We do
not want any association between your real name and that used in the test. The only
reason we need any identification is so that we can associate the computer tests with the
written test.

Let’s now begin with Test 1. Test 1 consists of five mini-tests. In each mini-test



1) You will be shown a base set of four letters on the screen.

2) The system will then present 20 characters, one at atime. You are to
indicate, as fast as you can, as each is presented, whether each matches one of the
base four letters. These will be presented at the rate of about one per second. At
the end of each mini-test you will be asked to press the return key, when ready, to
continue with the next mini- test.

In other words, in mini-test one you will be shown a base set of four letters
on the screen followed by 20 individual characters shown about one every second.
You will then, immediately upon pressing the return key, be given mini-test two
in which you will be shown four different base |etters followed by another 20
characters. Similarly, you will be given mini-test three, four, and five collectively
comprising Test 1.

3) You are to indicate, as fast as youcan, by pressing the space bar, that
the character currently displayed matches one of the four base characters. Press
the return key to indicate that the currently-displayed character does not match
any of the four base characters. Again, depress the space bar to indicate a match,
the return key to indicate a mismatch. Position a finger of your left hand on the
gpace bar and a finger of your right hand on the enter key now so that you do not
have to look at the keyboard during the experiment. This will be consistent
throughout the entire experiment.

4) If you fail to respond before the next character is displayed, do not

worry. Continue by processing the next character as quickly as possible.
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5) The purpose of this part of the experiment is to determine your speed in
recognizing matches to the base four characters. Relax, and do your best.

6) You will now be given the opportunity to practice before beginning the
real test. Please position your hands and press the enter key to start the practice
session whenyou are ready”

After the practice session the participant will be told

“7) If you have any questions, please ask them now because once we
begin there can be no questions or answers because these would affect the timing
of the experiment. Do you have any questions?

8) When you are ready, press the return key to begin.”

That is the end of the instructions for Test 1 of the experiment.
After completing Test 1 the participant was told
“You have now completed Test 1. Test 2 consists of severa mini-tests

1) You will be shown a base group of three letters on the screen.

2) The system will then present groups of three characters, one at atime.
You are to indicate, as fast as you can, as each group is presented, whether it
matches the base group of three letters, in order and type. These groups will be
presented at the rate of about one per second. In each mini-test one or more
groups will match the base group.

3) Again, depress the space bar to indicate a match, the return key to
indicate a mismatch.

4) If you fail to respond before the next group is displayed, do not worry.

Continue by processing the next group as quickly as possible.
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5) This process will be repeated for a number of mini-tests, displaying a
base group of three letters followed by a number of groups of three letters shown
one at time.

6) You will now be given the opportunity to practice before beginning the
real test. Please position your hands now and press the enter key to start the
practice session when you are ready.

7) The purpose of this second test of the experiment is to determine your
speed in recognizing matches to the base three characters. Relax, and do your
best.”

After the practice session the participant was told

“8) If you have any questions, please ask them now because once we
begin there can be no questions or answers because these would affect the timing
of the experiment. Do you have any questions?

9) When you are ready, press the return key to begin.”

That is the end of the instructions for Test 2 of the experiment.
After completing Test 2 the participant was told;
“You have now completed Test 2. In Test 3

1) You will be shown a base group of three, four or five letters on the
screen.

2) An instant later, the system will present another group of three, four, or
five characters. You are to indicate, as fast as you can whether the second group

matches the base group of three, four, or five letters. There will be 50 pairs of



groups of letters to be compared. These pairs of groups will be presented at the
rate of about one per second.

3) Again, depress the space bar to indicate a match, the return key to
indicate a mismatch.

4) If you fail to respond before the next group is displayed, do not worry.
Continue by processing the next group as quickly as possible.

5) The purpose of this third test of the experiment is to determine your
speed in recognizing matches to the base characters. Relax, and do your best.

6) You will now be given the opportunity to practice before beginning the
real test. Please position your hands now and press the enter key to start the
practice session when ready”

After the practice session the participant was told

“7) If you have any questions, please ask them now because once we
begin there can be no questions or answers because these would affect the timing
of the experiment. Do you have any questions?

9) When you are ready, press the return key to begin.”

Upon completion of Test 3 the participant was given Test 4 which has its own written
instructions and practice session. Instructions were read to each participant. Additionally,
participants were allowed to review the written instructions, and were given the
opportunity to ask questions before starting the real test. There was a practice session for
Test 4 as with all other tests of the experiment. The participant was asked to write his or
her pseudonym on the test. That is the end of the instructions. Upon completion of Test 4

the participant was debriefed.



Severd verbal questions were asked,;
Do you reverse letters? For example, see ab when ad, p, or q isindicated? If so how
often?
Did you reverse letters when you were younger? If so how often?
Do you interchange letters? For example see was when saw is indicated? How often?
Did you interchange letters when you were younger? How often?
Please indicate your gender.
Please indicate your major.
Please indicate your age.

Do you consider yourself a slow, medium, or fast reader?



Appendix H: Debriefing

The following was related to participants. “Before you leave, there are two things
| would like you to know. First, the purpose of this experiment is to determine whether
there is arelationship between spatial abilities and certain reading characteristics.
Specifically, whether reversing letters or interchanging letters correlate with performance
on atest in spatia relations.

Secondly, and this is important, please do not say anything about this experiment
to anyone. The reason is this. we are going to be running this experiment for several
months, and it may be that someone you know would serve as a participant. As you might
expect, if anyone knows beforehand what the experiment is about, it could bias the
results. We would appreciate, then, your not telling anyone about this experiment.

One other thing. We are not interested in individual performance. Be assured,
your performance in this experiment will not affect your performance in NC State
University at any time.

Finally, you will be invited to view the results and receive a more detailed
debriefing after the experimentation is completed.

Do you have any questions?

Okay; Thank you very much.



